Three growth trials and one digestion trial were conducted to compare the effect of dietary fat sources and combinations on starter pig performance, nutrient digestibility and intestinal morphology. Growth trials 1 and 2, utilizing a total of 324 weanling pigs (21 f 3 d), were conducted to determine the influence of addition of soybean oil, coconut oil, choice white grease, 50% soybean oil:50% coconut oil or 50% choice white grease:50% coconut oil on starter pig performance. Diets were supplemented with 10% fat for the first 2 wk of the study and with 5% for the final 3 wk. The third growth trial, utilizing a total of 210 weanling pigs, was conducted to evaluate the effects of addition of soybean oil, coconut oil, 50% soybean oil:50% coconut oil, 75% soybean oil:25% coconut oil or 25% soybean oil:75% coconut oil on starter pig performance and nutrient digestibility. Average daily gain and feedgain were not changed during wk 0 to 2, but they were improved from 3 to 5 wk postweaning when fat was added to the diets. The combination of 50% soybean oil and 50% coconut oil resulted in higher ADG than the other fat combinations. A digestion trial utilizing 24 weanling pigs (21 f 3 d) was conducted to evaluate the effects of soybean oil, coconut oil, or combination of soybean oil and coconut oil on morphology of the small intestine and ileal and total tract apparent digestibilities of individual fatty acids, total fatty acids, N, DM and GE from d 5 to 8 postweaning. Pigs fed the combination of soybean oil and coconut oil tended to have increased (P < .08) villus height compared with pigs fed soybean oil or coconut oil alone. Micrographs revealed intestinal morphology with long, round villi when this combination of oils was fed. These trials demonstrated that a combination of soybean oil and coconut oil improved (P < .05) pig growth performance over coconut oil alone or with added choice white grease and tended to improve (P < .12) ileal digestibility of medium-chain fatty acids ( I 14 C) compared to diets without added fat or containing soybean oil or coconut oil alone.
improve either growth or feed efficiency in weanling pigs (F' w et al., 1957; Cera et al., 1988~) .
These differences may be a result of several factors that influence the response to dietary fat additions; absorption of one fatty acid can be modified by other fatty acids in the diet (Bayley and Lewis, 1965) , melting point (Calloway et al., 1956) , energy:amino acid ratio (Allee et al., 1971), age of pigs (Cera et al., 1988b ) and dietary fat source or concentra- Vat (lo%, phase 1; 5%, phase 2) and crystalline. lysine (.25%, phase 1; .15%, phase 2) were substituted for corn to maintain a constant 1ysine:energy ratio of 4 g IysinJMCal ME. Calculated analyses of diets: CP, 19.5.20.2; lysine, 1.30.
1.25; Ca, .9, .9; P, .E, .8%; ME, 3 tion (Hamilton and McDonald, 1969; Frobish et al., 1970; Cera et al., 1988a) . Chain length, degree of saturation of fatty acids and their arrangement within the triglyceride molecule are important factors in determining the degree of fat digestibility in chicks (Calloway et al., 1956 ) and pigs (Ehsebio et al., 1965) . Fat also may influence nutrient digestibility by altering intestinal morphology; dietary corn oil addition shortened the villus length of young pigs (Cera et al., 1988a) . Pigs performed better on diets containing either soybean oil, choice white grease, or coconut oil than on diets containing tallow (Turlington, 1988) . Dietary fat absorption depends on the fatty acids present in the diet (Renner and H i l l , l%l). Therefore, the objective of this study was to investigate the effect of soybean oil, coconut oil, choice white grease and various fat combinations on 1) pig performance, 2) morphology of the small intestine and 3) ileal and total tract apparent digestibility of fatty acids, total fat, N and DM. for the first week, was lowered 2'C each week thereafter. Criteria measured were ADG, average daily feed intake (ADFI) and F/G. Feeders were checked twice daily, and individual pig weights were determined at the end of each Treatments included in growth trials 1 and 2 were soybean oil, coconut oil, choice white grease, 50% soybean oil:SO% coconut oil, or 50% choice white grease:50% coconut oil. For the first 2 wk (phase 1) of the study, pigs were fed a pelleted diet containing 40% milk products, either without fat or with 10% added fat. Fat was added before pelleting, temperature was 70°C and the size of pellet was 4 mm in diameter. For the last 3 wk (phase 2), pigs were fed a pelleted, 20% dried whey diet without fat or with 5% added fat.
Diet. Composition of basal diets is shown in Table 1 . The control diet in phase 1 contained (calculated) 1.3% lysine, 90% Ca, .80% P and 4.71% total fat; the control diet in phase 2 contained 1.25% lysine, 90% Ca, 30% P and 4.83% total fat. A constant energy: lysine ratio of 250 kcal ME/g (4 g lysine/Mcal ME) was maintained across all treatments within each phase. Diets containing fat had a 7-d period.
greater percentage of lysine than control diets to maintain this energy:lysine ratio.
Growth Trial 3. Because performance was maximized by feeding pigs a diet containing 50% soybean oil:50% coconut oil in trials 1 and 2, the third growth trial was conducted to evaluate the effects of graded levels of soybean oil and coconut oil on the performance and apparent digestibility of fatty acids by starter pigs. Dietary treatments included additions of soybean oil or coconut oil alone or combinations of 25% soybean oil:75% coconut oil, 50% soybean oil:50% coconut oil, or 75% soybean oil:25% coconut oil. Two hundred ten pigs weaned at 21 f 3 d were utilized, with an average initial weight of 4.9 f 2.0 kg. Pigs were assigned to treatments as described in growth trials 1 and 2, with an exception of seven pigs per pen. At d 11 postweaning, fecal samples were collected from pigs by rectal massage and frozen until they were analyzed.
Samples were taken at this age because of a limited supply of the phase 1 diets. Apparent digestibilities of DM, N, total fatty acids and net disappearance of fatty acids were calculated using Cr2O3 (.3% of the diet) as the indigestible marker.
Digestibility Trial. A digestibility trial was conducted to investigate the effect of supplemental soybean oil, coconut oil or 50% soybean oil:50% coconut oil on the ileal digestibility of total fatty acids, N and DM, and on the morphology of the small intestine. Twenty-four pigs (average initial weight 5.6 f .1 kg) weaned at 18 d of age were allotted randomly by litter, sex and body weight to dietary treatments. Pigs were housed individually in 37-cm x 45-cm x 45-cm (length x width x height) stainless steel metabolism cages in an environmentally controlled room maintained between 27 and 32'C. Pigs were brought to maximum feed intake during a 5 d adjustment period and then were maintained at a constant feed intake during a 3d collection period. All pigs were fed the same amount twice daily and water was available ad libitum. Cobalt-EDTA (.2% of the diet) was used as a marker t o calculate ileal and total tract nutrient digestibilities (Uden et al., 1980). Chromic oxide was used in growth trial 3 as an indigestible marker because large amounts of marker were needed, and this marker is relatively inexpensive. Cobalt-EDTA, a watersoluble marker, was used in the digestion trial, because a small amount of marker was needed and it is relatively easy to analyze.
Feces, collected, pooled and frozen daily throughout the collection period, were pooled and ground for lab analysis. AU pigs were killed at 29 d of age. The small intestine was uncoiled and a 1O-cm segment from the middle intestine was removed, rinsed with saline, and then immersed in cold 10% formalin. The small intestine was divided into two equal segments, and the distal segment was flushed of its contents by infusing 50 ml .15 M KCl.
These contents were considered to be the ileal digesta. Digesta contents were stored at -20'C for future laboratory analysis. Ileal digesta was freeze-dried; feces were dried in a forced-air oven at 50°C until equilibrated to a constant weight. Feces and digesta, along with diet samples, were ground in a Thomas-Wiley grinder equipped with a 1-rnm screen. All samples were analyzed for N and DM according to AOAC (1980) methods. Gross energy content was determined by adiabatic bomb calorimetry; total fatty acids and fatty acid profiles were determined by the method of Sukhija and Palmquist (1988), which measures the total fatty acid content of the sample. Ileal apparent digestibility coefficients were calculated for DM, N, energy, total fatty acids and individual fatty acids using Co-EDTA as the indigestible marker.
Cobalt and Chromium Analysis. Cobalt and Cr cuntents were determined by flame atomic absorption spectrophotometry5. 
Light and Scanning Electron Microscopy.
Cross-sections of intestinal samples from formalin-preserved segments were prepared using standard paraffin embedding techniques. Samples were sectioned at 6 pn thickness and stained with azur A and eosin. Villus height was measured on the stained sections at lox magnification using a light microscope equipped with an ocular micrometer. A minimum of 10 wellaiented, intact villi was measured in triplicate specimens for each pig within each group. Height was measured from the crypt mouth to the villus tip at 10-pm increments. Scanning electron microscopy was performed on 2-mm samples that were dehydrated in an ethanol-freon series, as described by Liepens and Dehaven (1978) . Following platinum coating, specimens were viewed with an IS1 electron microscope6 and photographed.
Statistical Analysis. The data were analyzed using the GLh4 procedure of SAS (1982) . Pen and cage were considered the experimental unit for the growth trials and digestibility trial, respectively. Replanned contrasts were used to separate treatment means in the trials. ?he comparisons were control compared to all fat sources and fat combinations, single fat source compared to fat combinations, and the individual fat source and fat combinations against each other. No treatment x trial interactions were found in trials 1 and 2; therefore, the data were pooled.
Results
Fat Sources. The analyzed composition of fat sources investigated is shown in Table 2 . All fat sources were assumed to contain 7,800 kcal ME/kg (Turhgton, 1988; Tokach et al., 1989) . Soybean oil consists predominantly of unsaturated, long-chain fatty acids (2 16 C), coconut oil consists predominantly of saturated, short-chain fatty acids, and choice white grease consists predominantly of unsaturated and saturated long-chain fatty acids.
Trials I and 2. Fat additions had no effect on ADG or F/G for the fist 2 wk (phase l), but they decreased (P < .01) ADFI compared to pigs fed the control diet (Table 3) . During the last 3 wk (phase 2). fat supplementation enhanced both ADG and F/G (P < .01). For the 5-wk period, pigs fed 50% soybean oil: 50% coconut oil diets consumed more (P < .05) feed than pigs fed coconut oil either alone or with choice white grease added, and they gained faster (P < .05) than pigs fed the diet with coconut oil.
Trial 3. Fat addition during phase 1 did not affect ADG and F/G. From 11 to 35 d postweaning, ADG and ADFI were higher (P < .OS) for pigs fed diets containing coconut oil and other fat Combinations than for those fed diets without supplemental fat or containing soybean oil. clumulative results for the 5-wk trial demonstrated that pigs fed diets without added fat had lower (P < -05) ADG than pigs fed diets containing added fat (Table  4) . Pigs fed diets containing soybean oil tended to have greater (P < .06) ADG and ADFI than pigs fed the control diet but lower (P < .05) than pigs fed diets containing other fat sources and combinations. There were no differences in ADG and ADH among pigs fed diets containing either different proportions of .a2
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( Table 5 ). Net disappearance of long-chain, 75% coconut oil (P < .W).
25% coconut oil and 25% soybeau oil + 75% coconut oil (P < .05).
saturated fatty acids was lower (P c .05) for pigs fed the diet supplemented with the combination of 75% soybean oil:25% coconut oil. There were no differences in net disappearance of long-chain, unsaturated fatty acids or mediumchain fatty acids across the treatments. The average net disappearance of saturated fatty acids in pigs fed diets containing 50% soybean Ofi50% coconut oil or 75% soybean oil:25% coconut oil tended (P < .06)
to be lower than that in pigs fed diets with either soybean oil or coconut oil alone. The net disappearance of unsaturated fatty acids in pigs fed the diets containing fat combinations was intermediate between those of pigs fed the diets containing soybean oil or coconut oil. Digestibility Trial. There were no differences in apparent digestibility of DM, total fatty acids, CP or GE among the fat sources (Table 6) ; however, pigs fed diets supple mented with 10% fat had higher (P c .05) apparent digestibility of total fatty acids and lower (P c .06) DM digestibility than pigs fed the control diet. This is in agreement with the findings by Adams and Jensen (1984) that intact fat from a control diet had low digestibility of total fatty acids compared with extracted fat. Overall, the large amount of stearic acid (C 18:O) in the feces compared to the amount in the ileal digesta resulted in lower net disappearance of stearic acid measured over the total tract (Table 5 ) than measured at the ileum ( Table 7 ). The net disappearance of long-chain, saturated fatty acids was lower than for medium-chain fatty acids, except for soybean oil, and the net disappearance of unsaturated fatty acids was higher than that of saturated fatty acids, except for coconut oil (Table 6) .
Pigs fed diets supplemented with 50% soybean ofi50% coconut oil had increased (P < .OS) villus height compared with pigs fed diets supplemented with either soybean oil or coconut oil alone (Table S) , which coincides with the higher ileal net disappearance of unsaturated fatty acids from this combination.
However, there were no differences (P > .05) in crypt depth among the fat sources or combinations. %at vs control (P < .03). bSingle fat source vs fat combinations (P < .01).
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soybean oil + 75% coconut oil (P < .05). Scanning electron microscopy showed that pigs fed a combination of 50% soybean oil and 50% coconut oil had long and round villi, whereas pigs fed diets containing soybean oil or coconut oil alone had shorter villi ( Figure  1 ).
Dlscusslon
The pattern of fatty acids in the diet may be one of the factors influencing the performance of pigs. Soybean oil contains a higher percentage of longchain, unsaturated fatty acids, with a ratio of unsaturated to saturated fatty acids (U/S) of 5.42, whereas coconut oil contains a high percentage of shortchain, saturated fatty acids, with a U/S ratio of .15. The combination of these two have a U/S of .93, which may provide a more ideal fatty acid profile. This might meet the capacity for absorption of both saturated and unsaturated fatty acids by pigs (Ocher et al., 1972) . Young and Garrent (1963) demonstrated that the absorption of palmitic and stearic acids by chicks fed free fatty acids was influenced not only by the ratio of saturated fatty acids but also by the ratio of free palmitic to free stearic acid in the diet.
Addition of 10% fat increased the energy density of the diet and depressed voluntary feed intake during phase 1. In agreement, Tokach et al. (1989) also found that the benefit from fat addition occurred mainly in wk 3 to 5 postweaning. This may have been caused by a transitory decrease in lipase activity when young pigs are weaned abruptly to dry diets (Hartman et al., 1961) . The depression of lipase activity also may explain why ADG decreased numerically for pigs fed diets with added fat during the fist 2 wk postweaning in our study. Lipase activity then increased linearly until 6 wk of age (Lindemann et al., 1986 ). The improved ADG and F/G during 3 to 5 wk postweaning of our study may have resulted from increased lipase activity.
All fat sources and combinations tested, except soybean oil alone, stimulated ADFI (I' < .05) and enhanced ADG (P < .05) during phase 2 in T r i a l 3, especially for pigs fed the diets supplemented with 50% soybean oil:50% coconut oil. Pehaps addition of this combination of oils improved the acceptability of the diets (Frobish et aL, 1970) and thus, had a stimulatory effect on ADFI. With the constant ratio of lysine to ME, pigs consuming diets with added fat gained faster (P < .05) than pigs fed diets without added fat, indicating that the lysine reQuirement probably was met when a constant nutrient to energy ratio was maintained with added fat, which, in turn, stimulated an improvement in pig performance (McConnell et al., 1982) .
The laboratory analysis utilized in the present experiments measured fatty acids and is more specific than determining ether extract content of feed or feces. It enabled the quantitation of individual fatty acids present and allowed the estimation of their individual utilization. Due to possible synthesis or interconversion of fatty acids within the intestinal lumen by host microflora, we have given individual fatty acid data the title of net intestinal disappearance (Tables 5 and 7) . Despite potential problems caused by microbial metabolism, which may limit the usefulness of data for a single fatty acid, we believe that these data give insight into total fatty acid digestion, allowing an assessment of specific components that may limit total fatty acid digestion. Digestibility data showed that the presence of fat in these diets tended (P < .06) to depress ileal DM digestibility. This is in agreement with the findings of Cera et al. (1988~) and Owsley et al. (1986) that additions of either 5% lard or 6% corn oil in the diet lowered DM digestibility of pigs 2 wk postweaning. This may be one explanation for the slightly lower ADG of pigs fed supplemental fat during this period. A second hypothesis relates to intestinal morphology; jejunal villi were shorter and absorptive area was reduced when fat was fed (Cera et al., 1988~) . The higher level of stearic acid in fecal samples than in the ileal digesta, which resulted in negative disappearance of stearic acid in the large intestine, may be caused by bacteria in the large intestine hydrogenating fatty acids to form stearic acid (Carlson and Bayley, 1972) . Carlson and Bayley (1972) also reported that this dramatic increase of stearic acid in the feces occurred in conventional but not in germ-free pigs. A similar response was observed in chicks (Boyd and Edwards, 1967) . indicating that microflora have a marked effect on the pattern of fatty acids found in the feces. Because lipase Hamilton and McDonald, 1969) . Therefore, samples taken from the end of the small intestine rather than from the feces would give a better indication of the pig's ability to digest fat.
The data from this study agree with the findings of Braude and Newport (1973) that fat digestibility is influenced by the chain length and degree of saturation of its fatty acids, with short-and medium-chain fatty acids being readily absorbed This conclusion is supported by the data of Cera et al. (1989) , who reported that pigs fed a combination of coconut oil with tallow or corn oil had higher serum triglyceride concentrations than pigs fed a tall0w:corn oil combination. Pigs fed diets with supplemental fat had higher (P < .05) N digestibility at the end of 2 wk postweaning, indicating that the pig's ability to use a supplemental energy source seems to improve N utilization (Cera et al., 1988~) .
Pigs fed diets supplemented with 50% soybean oil and 50% coconut oil had longer and rounder villi. These pigs had higher total tract apparent digestibility of N, total fatty acids, and net disappearance of mediumchain fatty acids and long-chain saturated fatty acids than pigs fed control diet during phase 1 of the growth trial. Also, pigs fed this combination of oils had higher growth performance than pigs fed coconut oil during phase 2. Whether the longer villi resulted from a more suitable proportion of fatty acids to meet the requirement of entemytes is not clear, but feed deprivation may depress cell regeneration and migration of enterocytes in the villi (Koga and Kimura, 1980) . Our pigs fed a diet with added soybean oil or coconut oil alone had shorter and more slender villi, this confirms the report by Cera et al. (1988a) that pigs fed a diet supplemented with 6% corn oil had shorter villi during the starter phase. The changes in gut morphology and nutrient digestibility may influence performance. The reduction of villus height may decrease total luminal villus absorptive area and could result in inadequate digestive enzyme development and(or) transport of nutrients at the villus surface (Cera et al., 1988a) . Based on the growth and digestibility data from three trials, a 7 to 15% improvement in pig performance can be expected with the addition of a coconut oiksoybean oil combination to weanling pig diets. The profiie of fatty acids in the diet may affect its nutritive value for starter pigs. Understanding which fat sources and combinations, at a constant lysine to energy ratio, influence pig performance, nutrient digestibility and intestinal morphology will be of benefit in formulating diets for the early weaned pig. However, the way in which fat, particularly the combination of soybean oil and coconut oil, affects starter pig performance remains unclear and requires further work
Implications
The addition of dietary fat can increase starter pig ADG and ADFI during wk 2 to 5 postweaning. The magnitude of improvement depends on the fatty acid profile and ratios of essential nutrients to energy present in the diet. Pigs fed diets supplemented with 5% fat from a mixture of soybean oil and coconut oil had longer villi and tended to have higher fatty acid digestibility compared with single fat additions of soybean oil and coconut oil. Results fkom our studies demonstrated that ADG and F/G were improved (P < .06) by fat additions, with 50% soybean oil and 50% coconut oil maximizing performance.
